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COOKING METHODS AND ESOPHAGEAL CANCER 501
Cooking methods have been implicated in the etiology of gas-
trointestinal cancers, reflecting exposure to potential carcinogens
as results of cooking. We used a validated food frequency question-
naire and a pretested cooking method questionnaire in 3 groups:
40 esophageal squamous cell carcinoma (ESCC) cases from a high-
risk area in northeast of Iran, 40 healthy subjects from the same
high-risk area, and 40 healthy subjects from a low-risk area in
Southern Iran. We compared the frequency of boiling, grilling,
and frying, and the frying score among these 3 groups. We also cal-
culated “frying index” by multiplying the frequency of each fried
food item by its frying score. Mean frying to boiling ratios were
18.2:1, 12.8:1, and 2.6:1 for cases, high-risk controls, and low-risk
controls, respectively (P < 0.01). Reuse of cooking oil for frying
was reported in 37.5% of the ESCC cases, 25% of high-risk con-
trols, and 7.5% of low-risk controls (P < 0.001). Frying index was
higher in the high-risk than in the low-risk controls (P< 0.001) and
in cases than in the high-risk controls (P < 0.05) after adjusting
for smoking, opium use, rural residence, education, and ethnic-
ity. High-temperature cooking and frying may be associated with
increased risk of ESCC in high-risk areas.
INTRODUCTION
Despite an apparent decline in its incidence, esophageal can-
cer is the most common cause of cancer death in Central Asian
“esophageal cancer belt” region (1) including Golestan Province
in northeastern Iran (2). Several risk factors, including low so-
cioeconomic status (3), low intake of fruit and vegetables (4–6),
and drinking hot tea (7) have been identified in this region, but
these risk factors do not appear to fully account for the high rate
of esophageal cancer seen in this area (8).
Cooking methods may be related to the risk of upper gas-
trointestinal tract cancers (9–12). According to American Can-
cer Society guidelines, high-temperature cooking methods (as
in frying) give rise to a variety of mutagenic substances that
are carcinogenic in experimental animals (13). Cooking meat
at high temperatures results in formation of high amounts of
PAHs (polycyclic aromatic hydrocarbons), and also high levels
of HCAs (heterocyclic amines) (14, 15). Both of these groups of
chemicals have been suggested to increase the risk of esophageal
cancer (9, 16, 17). A recent study revealed high exposure to
PAHs among never smokers in Golestan Province, which may
be due to high nutritional intake or second-hand smoking (18).
In this study, we compare the cooking habits of esophageal
cancer cases from the high-risk area of Golestan Province with
control subjects from the same area, and also control subjects
from Fars, a province in the center of Iran with very low inci-
dence of ESCC (age-adjusted rate ∼3/100,000/yr) of esophageal
cancer (19).
MATERIAL AND METHODS
We selected 40 ESCC cases and 40 control subjects from
Golestan Province (high-risk controls) and 40 control subjects
from Fars Province (low-risk controls). Golestan cases and con-
trols were selected from among those who were referred to Atrak
Clinic, a referral upper gastrointestinal clinic (20). Controls from
Fars Province were selected from subjects who were referred
to the Gastrointestinal Research Center of Namazi Hospital, a
referral hospital in Shiraz city, the capital of this Province.
All cases were histopathologically confirmed as having
esophageal squamous cell tumors, had sufficiently good health
to answer the questions, and were diagnosed within 6 mo prior
to the interviews. Both control groups had no evidence of upper
gastrointestinal tract malignancy on endoscopy, had no family
history of esophageal cancer in first-degree relatives, and were
matched for sex and age (±5 yr) to the cases. Those otherwise
eligible case or control subjects who had changed their dietary
habits over the past year because of disease or any other reasons
were not included in the study.
All study subjects (n = 120) were interviewed face-to-face
by a trained nutritionist. Food use over the previous year was
assessed by a validated semiquantitative food frequency ques-
tionnaire (FFQ) (21). This FFQ was based on the usual fre-
quency of consumption of each item in terms of times per day,
week, month, or year. All values were later converted to times
per week.
Cooking practices were assessed using a pretested question-
naire. The frequency of boiling, grilling, and frying food items
per week was recorded. Because frying practices were especially
important in this study, 2 indices, “frying score” and “frying in-
dex,” were calculated. The frying score was recorded as 4 levels:
not frying/not using (score 0), surface browning including saute´
items (score 1), changing color (score 2), and browning (score
3); if an item was not consumed or was not fried at all, it was
given a score of zero. The frying index was calculated by mul-
tiplying the frequency of consumption of each fried food item
by its frying score, and summed over food items. Fryboiling,
defined as frying and then boiling a food item or vice versa, was
considered as a form of frying and contributed to calculation of
frying score and frying index. Re-use of cooking oil for frying
was also recorded.
Ever smoking, opium use, place of residence, and re-use of
cooking oil for frying were compared between different groups
using Fisher’s Exact test. Frequency of frying score for each
food item was compared among the groups using Kruskall-
Wallis and Mann Whitney tests. The mean frequencies of cook-
ing methods, and frying index were compared among the 3
groups using analysis of variance. To adjust for the effect of po-
tential confounders (smoking, opium use, ethnicity, education,
and rural residence) on frying index, multivariate regression was
used. The Bonferroni-corrected post-hoc test was used to com-
pare mean differences between the cases and high-risk controls
and between high-risk and low-risk controls. To adjust for total
amount of food intake, frying to boiling frequency ratios were
calculated for each person and compared among the 3 groups.
Statistical analysis was done using SPSS (version 19.0), and the
level of significance was determined at 0.05.
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RESULTS
The distribution of age, sex, smoking, opium use, place of res-
idence, education, ethnicity, cooking fuel, and cooking methods
by study groups are shown in Table 1. There were more smokers
and opium users among cases. The results showed that, com-
pared to high-risk controls, cases used boiling significantly less
frequently (2.2 vs. 4.5 times/wk; P < 0.01) but their use of
frying (14.6 vs. 13.4 times/wk; P = 0.37) and grilling (0.3 vs.
0.8 times/wk; P = 0.18) were not significantly different. Com-
pared to the low-risk controls, high-risk controls used boiling
less frequently (4.5 vs. 7.0 times/wk; P < 0.05) and frying more
frequently (13.4 vs. 7.2 times/wk; P < 0.01), but there was no
significant difference in grilling frequency (0.8 vs. 0.5 times/wk;
P = 0.5). Mean frying to boiling ratios were 18.2:1, 12.8:1, and
2.6:1 for ESCC cases, high-risk controls, and low-risk controls,
respectively (P < 0.01).
Reuse of cooking oil for frying was reported in 37.5% of the
cases, 25% of high-risk controls, and 7.5% of low-risk controls
(P < 0.001). Bonferroni-corrected P values were significant
comparing high-risk and low-risk controls (P = 0.01). However,
the difference between the cases and high-risk controls was not
significant (P = 0.06) (Table 1).
As shown in Table 2, for most food items, frying at higher
frying scores was more common in cases than in high-risk con-
trols and also in high-risk controls than in low-risk ones. This
difference was especially prominent for chicken and onion. In
addition, frying index showed a significant difference among
the groups (Table 1). Although the frequency of frying was
similar, compared to the high-risk controls, cases used frying
at higher scores more frequently, resulting in a higher overall
frying index (P < 0.05). On the other hand, both the frequency
of frying and frying at higher scores were more common among
high-risk controls than the low-risk ones, and both of these con-
tributed to the higher frying index in the high-risk controls (P <
0.01). As Table 3 shows, the association between frying index
and study groups was still present after adjusting for smoking
and opium. In the fully adjusted model, although the associa-
tion in the ESCC cases was weakened, it was still statistically
significant.
DISCUSSION
In the present study, ESCC cases used frying more than
high-risk controls, and high-risk controls, in turn, more than
low-risk controls. The American Cancer Society reported that
high-temperature cooking methods (as in frying) give rise a
wide variety of mutagenic substances that are carcinogenic in
experimental animals (13). Differences in frying indices of the
3 groups in our study suggest that ESCC patients and high-
risk controls were more exposed to the possible carcinogenic
compounds produced by frying.
TABLE 1
Distribution of cases and controls for selected variables
Cases High-risk Low-risk
Variable (n = 40) controls (n = 40) controls (n = 40)
Age (yr), mean ± SD 62.5 ± 11.2 62.8 ± 11.2 62.3 ± 11.6
Sex (female) 21 (52.5) 21 (52.5) 21 (52.5)
Ever smoking 11 (27.5) a 3 (7.5) 1 (2.5)
Ever opium use 13 (32.5) 9 (22.5) 0 (0)c
Place of residence (urban) 10 (25)b 24 (60) 40 (100)c
Education (some education) 3 (7.5)a 12 (30) 31 (77.5)c
Ethnicity (non-Turkoman) 17 (42.5) 26 (65) 40 (100)c
Fuel for cooking (natural gas) 39 (97.5) 37 (92.5) 40 (100)
Total boiling (times/wk) 2.2 ± 2.5b 4.5 ± 4.2 7.0 ± 3.9d
Meat group 0.3 ± 1.1b 1.4 ± 3.2 1.3 ± 1.5
Vegetables 1.9 ± 2.1a 3.1 ± 2.7 5.7 ± 3.0c
Total frying (times/wk) 14.6 ± 5.1 13.4 ± 7.8 7.2 ± 3.9c
Meat group 3.2 ± 2.1 3.1 ± 2.5 3.0 ± 2.0
Vegetables 11.4 ± 4.4 10.3 ± 6.0 4.2 ± 2.7c
Total grilling (times/wk) 0.3 ± 0.7 0.8 ± 2.1 0.5 ± 1.4
Frying index (mean ± SD) 38.84 ± 14.96 a 29.84 ± 19.66 14.08 ± 8.54 c
Re-use of cooking oil for frying
Use in next frying 15 (37.5) 10 (25) 3 (7.5)c
Use in the same food 19 (47.5) 17 (42.5) 8 (20)
No re-use 6 (15) 13 (32.5) 29 (72.5)
Meat group: meat, chicken, fish; vegetables: onion, potato, green leafy vegetables, eggplant. Values in the parentheses are percentages.
aP < 0.05. bP < 0.01, between cases and high-risk controls. cP < 0.01. dP < 0.05, between the 2 controls.
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TABLE 2
Meat and vegetable frying scores in cases and controls
Frying score (number of subjects)∗
Variable Category∗∗ Cases (n = 40) Golestan controls (n = 40) Fars controls (n = 40)
Meat frying score Score 3 15 (37.5) 9 (22.5) 3 (7.5)
Score 2 14 (35) 10 (25) 14 (35)
Score 1 0 (0) 6 (15) 16 (40)
Score 0 11 (27.5) 15 (37.5) 7 (17.5)
Chicken frying score Score 3 29 (72.5)a 12 (30) 4 (10)b
Score 2 8 (20) 11 (27.5) 7 (17.5)
Score 1 1 (2.5) 6 (15) 12 (30)
Score 0 2 (5) 11 (27.5) 17 (42.5)
Fish frying score Score 3 25 (62.5) 21 (52.5) 15 (37.5)
Score 2 1 (2.5) 5 (12.5) 17 (42.5)
Score 1 1 (2.5) 2 (2.5) 0 (0)
Score 0 13 (32.5) 12 (30) 8 (20)
Leafy vegetables frying score Score 3 18 (45) 12 (30) 5 (12.5)
Score 2 6 (15) 14 (35) 23 (57.5)
Score 1 0 (0) 3 (7.5) 4 (10)
Score 0 16 (40) 11 (27.5) 8 (20)
Onion frying score Score 3 25 (62.5)a 11 (27.5) 5 (12.5)
Score 2 14 (35) 20 (50) 23 (57.5)
Score 1 0 (0) 3 (7.5) 3 (7.5)
Score 0 1 (2.5) 6 (15) 9 (22.5)
Potato frying score Score 3 13 (32.5) 6 (15) 4 (10)
Score 2 18 (45) 23 (57.5) 17 (42.5)
Score 1 0 (0) 2 (5) 1 (2.5)
Score 0 9 (22.5) 9 (22.5) 18 (45)
Eggplant frying score Score 3 26 (65) 16 (40) 14 (35)
Score 2 5 (12.5) 15 (37.5) 20 (50)
Score 1 0 (0) 2 (5) 1 (2.5)
Score 0 9 (22.5) 7 (17.5) 5 (12.5)
∗Percentage of subjects in each frying score has been shown in parentheses.
∗∗Scores: 0: not frying/not using, 1: surface browning, 2: changing color, 3: browning.
aP < 0.001, between cases and high-risk controls. bP < 0.05, between the 2 controls.
Based on surface browning by pan-frying, frying chicken
at higher frying degrees was more common in the high-risk
vs. the low-risk controls (P < 0.05) and in ESCC patients vs.
high-risk controls (P < 0.001). Cooking meat at high temper-
atures produces HCAs by pyrolysis of proteins, amino acids
or creatine (22). HCAs are clearly bioavailable from normal
human diet. The proposed bioactivation pathway consists of N-
hydroxylation by CYP1A2. The most active area of research for
TABLE 3
Regression analysis of the differences in frying index among study groups
Coefficient for Adjusted for opium Fully adjusted
Group crude model (95% CI) and smoking (95% CI) (95% CI)†
Low-risk control −15.76 (−22.44, −9.08)∗∗ −16.13 (−23.04, −9.22)∗∗ −11.83 (−20.01, −3.64)∗∗
High-risk control 1 1 1
ESCC case 9.00 (2.31, 15.68)∗∗ 10.11 (3.18, 17.05)∗∗ 7.70 (0.10–15.31)∗
†adjusted for smoking, opium use, rural residence, ethnicity and education.
∗P < 0.05. ∗∗P < 0.001.
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HCAs focuses on colon cancer (23–26). In a study in Sweden,
the association between HCA and esophageal squamous cell
carcinoma was studied (9). HCA intake was estimated based on
the frequency of consumption and degree of surface browning
of commonly fried meats. They observed a 50–70% higher risk
of esophageal squamous cell carcinoma among individuals in
the highest compared to those in the lowest quartile levels of
heterocyclic amines that was not statistically significant. In con-
trast, they found no association with the risk of adenocarcinoma
of the esophagus, similar to another study in eastern Nebraska
in which doneness level of meat was not associated with a sig-
nificant trend in risk of esophageal adenocarcinoma (27). In a
dietary exposure study in China, 7 meat-cooking methods (pan-
fried fish, pork and chicken, deep fried chicken, as well as fish,
roasted/barbecued pork, and grilled minced beef) contributed
90.1% of HCA intake in the Chinese population (28). In an-
other study, pan-fried and cooked fish and chicken samples in
Singapore Chinese households were analyzed for 5 HCAs (29).
They found that pan-fried chicken produced more HCA, even
with lower cooking surface temperature compared to pan-fried
fish. Our findings of higher frying scores of chicken among
ESCC cases and high-risk individuals are in line with these
findings.
Previous studies have shown an increased risk of ESCC with
higher consumption of boiled, as well as fried, red meat (30,
31). We did not see a similar association with boiled meat; this
may be because in our study, boiled meat was not limited to
red meat and could include chicken and fish as well. It may
also have been due to differences in preparation and serving
methods across different cultures, or the classification of these
methods. For example, in our study, some participants reported
fryboiling which is frying and then boiling the meat and this
category was classified as frying; or individuals in the previous
report (30) seem to have consumed boiled and stew meat at a
high temperature, which may have contributed to its effect on
esophageal mucosa.
We observed that 85% of ESCC patients, 67.5% of the high-
risk controls, but only 27.5% of the low-risk controls reused
fried oil that may contain some carcinogenic compounds. There
are some studies (30–32) indicating that repeated frying pro-
duces numerous carcinogens including PAHs. Pandey et al.
studied the potential carcinogenicity of repeated fish fried oil
in rats, mice, and human hepatoma cell line, Hep G2. In a study
(32) that aimed at assessing the role of repeated fish fried oil
on hepatic cytochrome P450 (CYP) isozymes, benzo(a)pyrene
metabolism, and DNA adduct formation in hepatic microsomes
of rats, they observed several PAHs in repeated fish fried oil,
increased reactive metabolites of PAHs through enhanced in-
duction of cytochrome p450 isozymes, and subsequent binding
to DNA following exposure to the repeated fish fried oil. In an-
other study (33), single topical exposure of repeated fish fried
oil for 24–72 h caused overexpression of p53 and p21WAF1
proteins in the skin cells of mice which was similar to that of
benzo(a)pyrene exposure. The authors also studied the potential
carcinogenic effect of fish fried oil on human hepatoma cell
line, Hep G2 (34), and they observed a dose-dependent increase
in ethoxyresorufin-O-deethylase and aryl hydrocarbon hydrox-
ylase activity and reduced cell viability following treatment of
cells with repeated fish fried oil extract. Their results support
the carcinogenic possibility of reused fish fried oil.
In conclusion, this study adds to the current evidence for
the possible carcinogenic role of high-temperature cooking and
repeated oil use and may imply their role in ESCC pathogenesis
in high-risk areas of Iran.
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